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(57) ABSTRACT 

In a photo alignment method, a Substrate and a mask are 
aligned so that the Substrate is spaced apart from the mask by 
a predetermined gap. An organic layer is formed on the Sub 
strate. The mask has a transmission portion and a light block 
ing portion. Light is irradiated through the maskin a direction 
substantially parallel with an interface between the transmis 
sion portion and the light blocking portion of the mask. Poly 
mer chains are formed on an upper portion of the organic 
layer. The polymer chains are aligned in an alignment direc 
tion toward an incident direction of the light. Locations of the 
Substrate and the mask are sensed in real time. The mask is 
transported to a predetermined location with respect to the 
substrate based on the sensed locations of the substrate and 
the mask. 

11 Claims, 18 Drawing Sheets 
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1. 

PHOTO ALIGNMENT METHOD, EXPOSURE 
SYSTEM FOR PERFORMING THE SAME 
AND LIQUID CRYSTAL DISPLAY PANEL 

MANUFACTURED BY THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority under 35 U.S.C. S 119 to 
Korean Patent Application No. 10-2012-0002042, filed on 
Jan. 6, 2012 in the Korean Intellectual Property Office 
(KIPO), the contents of which are incorporated by reference 
herein in its entirety. 

TECHNICAL FIELD 

Exemplary embodiments of the present invention relate to 
a photo alignment method, an exposure system for perform 
ing the photo alignment method and a liquid crystal display 
panel manufactured by the photo alignment method. More 
particularly, exemplary embodiments of the present invention 
relate to a photo alignment method that can improve image 
display quality, an exposure system for performing the photo 
alignment method and a liquid crystal display panel manu 
factured by the photo alignment method. 

DISCUSSION OF THE RELATED ART 

A liquid crystal display (LCD) is a flat panel display. The 
liquid crystal molecules in the LCD panel are aligned in a 
direction perpendicular to the panel. Contrast ratio and view 
ing angle of the display panel change depending on the align 
ment of the liquid crystal molecules. 
The electrodes of the panel may have slits or protrusions 

which change the tilting direction of liquid crystal molecules 
when an electric field is applied to the liquid crystal mol 
ecules. The slits and protrusions are arranged to increase the 
Viewing angle. 

However, the slits and protrusions may cause a decrease in 
the luminance of the display panel. 

SUMMARY 

Exemplary embodiments of the present invention provide a 
photo alignment method that can improve an image display 
quality, an exposure system for performing the photo align 
ment method, and a liquid crystal display panel manufactured 
by the photo alignment method. 

According to an exemplary embodiment of the present 
invention, a photo alignment method is provided as follows. A 
Substrate and a mask are aligned so that the Substrate is spaced 
apart from the mask by a predetermined gap. An organic layer 
is formed on the Substrate. The mask has a transmission 
portion and a light blocking portion. Light is irradiated 
through the mask in a direction Substantially parallel with an 
interface between the transmission portion and the light 
blocking portion of the mask. Polymer chains are formed on 
an upper portion of the organic layer. The polymer chains are 
aligned in an alignment direction toward an incident direction 
of the light. Locations of the Substrate and the mask are sensed 
in real time. The mask is transported to a predetermined 
location with respect to the substrate based on the sensed 
locations of the Substrate and the mask. 

In an exemplary embodiment, the Substrate and the mask 
are aligned by determining an offset value between the sub 
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2 
strate and the mask based on the gap between the Substrate 
and the mask, and transporting the mask in response to the 
offset value. 

In an exemplary embodiment, a direction of transporting 
the mask is substantially parallel with the interface between 
the transportation portion and the light blocking portions of 
the mask. 

In an exemplary embodiment, the location is sensed in the 
real time process by sensing a height between an upper Sur 
face of the substrate and a lower surface of the mask, and 
taking an image of a reference line on the mask and an 
alignment line on the Substrate in a direction Substantially 
perpendicular to a transportation direction of the Substrate. 

In an exemplary embodiment, the mask is transported to 
the predetermined location with respect to the substrate by 
transporting the mask based on the sensed height so that the 
gap between the mask and the Substrate is Substantially the 
same as the predetermined gap, and transporting the mask so 
that the reference line in the taken image is spaced apart from 
the alignment line by a predetermined reference value. 

In an exemplary embodiment, the location is sensed in the 
real time process by taking an image of a reference line on the 
mask and an alignment line on the Substrate in a direction 
substantially parallel with a direction of irradiating the light. 

In an exemplary embodiment, the mask is transported to 
the predetermined location with respect to the substrate by 
transporting the mask so that the reference line in the taken 
image is on a same line as the alignment line. 

In an exemplary embodiment, the mask further includes an 
alignment pattern having a reference line for aligning the 
mask with respect to the Substrate, the transmission portion 
spaced apart from the alignment pattern in a direction of 
transporting the Substrate, and an exposure pattern including 
the light blocking portion. The mask is transported at a period 
corresponding to a distance between the alignment pattern 
and the exposure pattern. 

In an exemplary embodiment, the substrate further 
includes a pixel region having a plurality of Sub regions 
arranged in a matrix pattern. The polymer chains are formed 
in the alignment direction by irradiating the light to Sub 
regions of a first column through a first mask in a direction 
substantially parallel with a row direction toward the first 
column to form first polymer chains inclined in a first align 
ment direction, and irradiating the light to Sub regions of a 
second column through a second mask in a direction Substan 
tially parallel with the row direction toward the second col 
umn to form second polymer chains inclined in a second 
alignment direction. 

In an exemplary embodiment, the polymer chains are 
aligned in the alignment direction by irradiating the light in a 
first Sub region and a second Sub region in a direction Sub 
stantially parallel with a column direction toward the first 
column so that the first polymer chains and the second poly 
merchains are rotated toward a center of the matrix pattern, 
and irradiating the light in a third Sub region and a fourth Sub 
region in a direction Substantially parallel with the column 
direction toward the second column so that the first polymer 
chains and the second polymer chains are rotated toward a 
center of the matrix pattern. The first polymer chains of a first 
row are formed in the first sub region. The second polymer 
chains of the first row are formed in the second sub region. 
The first polymer chains of a second row are formed in the 
third Sub region. The second polymer chains of the second 
row are formed in the fourth sub region. 

In an exemplary embodiment, the substrate further 
includes a pixel region having a plurality of Sub regions 
arranged in a matrix pattern. The polymer chains are formed 
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in the alignment direction by forming first polymer chains 
arranged in a first alignment direction Substantially parallel 
with a column direction in the Sub regions in a first row toward 
the first column using a first mask, and forming second poly 
merchains arranged in a second alignment direction Substan 
tially parallel with the column direction in the sub regions in 
a second row toward the second column using a second mask. 

According to an exemplary embodiment of the present 
invention, an exposure system includes a Substrate, a mask, a 
light source part, a displacement and a system. The Substrate 
transporting part transports a Substrate in a first direction. The 
mask includes an alignment pattern, transmission portion and 
a light blocking portion. The alignment pattern has a refer 
ence line. An interface between the transmission portion and 
the light blocking portion is extended in the first direction. 
The light Source part irradiates light to the mask in a second 
direction substantially perpendicular to the first direction. 
The displacement sensing part senses location of the Substrate 
and the mask in real time. The system controlling part trans 
ports the mask based on the sensed location of the substrate 
and the mask. 

In an exemplary embodiment, the system controlling part 
determines an offset value between the mask and the substrate 
based on a gap between the Substrate and the mask, to trans 
port the mask using the offset value. 

In an exemplary embodiment, the displacement sensing 
part includes a laser displacement sensor sensing a height 
between an upper surface of the substrate and a lower surface 
of the mask using a laser beam, and a camera taking an image 
of a signal line of the substrate and the reference line of the 
mask in a third direction Substantially perpendicular to the 
first and second direction. The system controlling part trans 
ports the mask based on the sensed height so that a gap 
between the mask and the substrate is substantially the same 
as the reference gap, and transports the mask so that the 
reference line in the taken image signal is spaced apart from 
the alignment line by a predetermined distance. 

In an exemplary embodiment, the displacement sensing 
part further includes an oblique camera picking up an image 
of a reference line of the mask and an alignment line of the 
substrate in a direction substantially parallel with the direc 
tion of irradiating the light. The system controlling part trans 
ports the mask so that the reference line in the picked up 
image data is Substantially the same as the alignment line. 

According to an exemplary embodiment of the present 
invention, a liquid crystal display panel includes a pixel elec 
trode and an alignment layer. The pixel electrode is disposed 
in a pixel region. The pixel region has a plurality of Sub 
regions arranged in a matrix pattern. The alignment layer 
aligns alignment directors of liquid crystal molecules in each 
of the Sub regions toward a center of the matrix pattern in an 
initial state. 

In an exemplary embodiment, the liquid crystal display 
panel further includes a first display panel and a second dis 
play panel. The first display panel includes a first base Sub 
strate, a gate line extended in a first direction on the first base 
Substrate, a data line extended in a second direction crossing 
the first direction, a Switching element electrically connected 
to the gate and data lines, a pixel electrode electrically con 
nected to the Switching element and a first alignment layer 
disposed on the pixel electrode. The second display substrate 
includes a second base Substrate facing the first base substrate 
and a second alignment layer disposed on the second base 
substrate. 

In an exemplary embodiment, Sub regions of a first column 
of the first alignment layer are aligned in a first alignment 
direction toward a second column adjacent to the first column. 
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4 
The first alignment direction is substantially parallel with the 
first direction. Sub regions of the second column are aligned 
in a second alignment direction toward the first column. The 
second alignment direction is Substantially parallel with the 
first direction. Sub regions of a first row of the second align 
ment layer are aligned in a third alignment direction toward a 
second row adjacent to the first row. The third alignment 
direction is substantially parallel with the second direction. 
Sub regions of the second row of the second alignment layer 
are aligned in a fourth alignment direction toward the first 
row. The fourth alignment direction is substantially parallel 
with the second direction. 

In an exemplary embodiment, Sub regions of a first column 
of the first alignment layer are aligned in a first alignment 
direction toward a second columnadjacent to the first column. 
The first alignment direction is substantially parallel with the 
second direction. Sub regions of the second column are 
aligned in a second alignment direction toward the first col 
umn. The second alignment direction is substantially parallel 
with the second direction. Sub regions of a first row of the 
second alignment layer are aligned in a third alignment direc 
tion toward a second row adjacent to the first row. The third 
alignment direction is substantially parallel with the first 
direction. Sub regions of the second row of the second align 
ment layer are aligned in a fourth alignment direction toward 
the first row. The fourth alignment direction is substantially 
parallel with the first direction. 

In an exemplary embodiment, the Sub regions of one of the 
first and second alignment layers have a plurality of align 
ment directions that are substantially parallel with a direction 
of a Sum of vectors corresponding to the first and second 
directions and are aligned toward a center of the matrix pat 
tern, and the sub regions of the other of the first and second 
alignment layers are vertically aligned. 

According to a photo alignment method, an exposure sys 
tem for performing the photo alignment method and a liquid 
crystal display panel manufactured by the photo alignment 
method, aligning director of a liquid crystal in Sub regions 
arranged in a matrix pattern is inclined toward a center of the 
matrix so that the liquid crystals are concentrated in an initial 
stage. The liquid crystals form a concentration structure. 
Thus, response speed and light transmittance of the liquid 
crystals are improved, and afterimage is decreased. There 
fore, image display quality of a liquid crystal display appa 
ratus can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The embodiments of the present invention will become 
more apparent by the detailed description with reference to 
the accompanying drawings, in which: 

FIG. 1 is a plan view illustrating a display panel according 
to an exemplary embodiment of the present invention; 

FIG. 2 is a cross-sectional view taken along a line I-I' 
shown in FIG. 1; 

FIG.3 is a perspective view illustrating an alignment direc 
tion of an alignment layer of the display panel shown in FIG. 
1; 

FIG. 4 is a block diagram illustrating an exposure system 
for manufacturing the display panel shown in FIG. 1; 

FIG.5 is a flow chart illustrating a photo alignment method 
using the exposure system shown in FIG. 4; 

FIGS. 6A and 6B are cross-sectional views illustrating a 
method of compensating for a gap between a mask and the 
substrate shown in FIG. 5; 
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FIGS. 7A and 7B are respectively a cross-sectional view 
and a plan view illustrating compensating for a gap with 
respect to a location of the substrate shown in FIG. 5; 

FIGS. 8A and 8B are perspective views illustrating form 
ing the first alignment layer shown in FIG. 2; 

FIGS. 9A and 9B are perspective views illustrating form 
ing the second alignment layer shown in FIG. 2; 

FIGS. 10A and 10B are respectively a cross-sectional view 
and a plan view illustrating an exposure system in accordance 
with an exemplary embodiment of the present invention; 

FIGS. 11A and 11B are respectively a cross-sectional view 
and a plan view illustrating a method of compensating for a 
location using the exposure system shown in FIGS. 10A and 
10B; 

FIG. 12 is a plan view illustrating a display panel in accor 
dance with an embodiment of the present invention; 

FIG. 13 is a perspective view illustrating forming a first 
alignment layer as shown in FIG. 12; 

FIG. 14 is a plan view illustrating a display panel in accor 
dance with an exemplary embodiment of the present inven 
tion; 

FIGS. 15A and 15B are plan views illustrating response 
characteristics of liquid crystals of display panels in accor 
dance with exemplary embodiments of the present invention; 

FIG. 15C is a graph illustrating a relationship between 
luminance and time of the response characteristics of the 
liquid crystals of the display panels shown in FIGS. 15A and 
15B; 

FIGS. 16A, 16B, and 16C are respectively a cross-sec 
tional view and plan views illustrating a movement direction 
of impurities in display panels in accordance with exemplary 
embodiments of the present invention; and 

FIGS. 17A and 17B are plan views illustrating transmit 
tances of display panels in accordance with exemplary 
embodiments of the present invention. 

DETAILED DESCRIPTION 

Hereinafter, embodiments of the present invention will be 
described in detail with reference to the accompanying draw 
ings, wherein the same reference numerals may be used to 
denote the same or Substantially the same elements through 
out the specification and the drawings. The present invention 
may be embodied in various different ways and should not be 
construed as limited to the exemplary embodiments 
described herein. 

It will be understood that when an element or layer is 
referred to as being “on.” “connected to’ or “coupled to 
another element or layer, it can be directly on, connected or 
coupled to the other element or layer or intervening elements 
or layers may be present. 
As used herein, the singular forms, “a,” “an and “the are 

intended to include the plural forms as well, unless the con 
text clearly indicates otherwise. 

FIG. 1 is a plan view illustrating a display panel according 
to an exemplary embodiment of the present invention. FIG. 2 
is a cross-sectional view taken along a line I-I" shown in FIG. 
1. FIG.3 is a perspective view illustrating an alignment direc 
tion of an alignment layer of the display panel shown in FIG. 
1. 

Referring to FIGS. 1 to 3, the display panel includes a first 
display substrate 100, a second display substrate 200 and a 
liquid crystal layer 300. 
The first display substrate 100 includes a first base sub 

strate 101, a plurality of gate lines GL, a plurality of data lines 
DL, a plurality of switching elements TR, a plurality of pixel 
electrodes PE and a first alignment layer 170. 
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6 
The gate lines GL are extended in a first direction D1 on the 

first base substrate 101. The gate liens GL are arranged in a 
second direction D2 crossing the first direction D1. For 
example, the first direction D1 is a row direction of the first 
base substrate 101, and the second direction D2 is a column 
direction of the first base substrate 101. Each of the switching 
elements TR is disposed on the first base substrate 101 where 
a corresponding gate line GL crosses a corresponding data 
line DL. The switching element TR is electrically connected 
to the gate and data lines GL and DL. The gate lines GL, the 
data lines DL and the switching elements TR are included in 
an array layer AL. The first display substrate 100 includes the 
array layer FL. 

Each of the pixel electrodes PE is electrically connected to 
a corresponding Switching element TR. The pixel electrode 
PE is disposed in a pixel region PA of the first base substrate 
101. The pixel region PA includes a plurality of sub regions 
SA1, SA2, SA3 and SA4. For example, the sub regions SA1. 
SA2, SA3 and SA4 are arranged in a 2x2 matrix pattern. A 
first row of the matrix pattern includes first and second sub 
regions SA1 and SA2, and a second row of the matrix pattern 
includes third and fourth sub regions SA3 and SA4. A first 
column of the matrix pattern includes the first and third sub 
regions SA1 and SA3, and a second column of the matrix 
pattern includes the second and fourth Sub regions SA2 and 
SA4. 
The first alignment layer 170 includes a plurality of poly 

merchains 171a and 172a on a surface of the first alignment 
layer 170.The polymer chains 171a and 172a have a plurality 
of alignment directions 171 and 172. For example, according 
to an embodiment, the polymer chains 171a and 172a include 
high polymer chains. The polymer chains 171a and 172a are 
formed by photopolymerization of a photosensitive high 
polymer layer. 

For example, the photosensitive high polymer layer 
includes polyimide main chains and side chains that are con 
nected to the polyimide main chains and exposed to a Surface 
of the photosensitive high polymer layer. The side chains have 
double bonds which allow the side chains to have an orienta 
tion. When light (e.g. ultraviolet light) having a polarizing 
axis substantially parallel with a longitudinal direction of the 
side chains is incident into the side chains, the side chains are 
photopolymerized. Thus, the side chains have an alignment 
direction inclined with respect to a normal axis of the first 
base Substrate 101, e.g., by an incident angle of the light. 

Aligning directors of liquid crystal molecules are disposed 
on the surface of the first alignment layer 170. The aligning 
directors are inclined in a direction substantially parallel with 
the alignment direction of the side chains. The alignment 
direction is defined by an angle between the first base sub 
strate 101 and the aligning directors of the liquid crystal 
molecules. Alternatively, the alignment direction is defined 
by an incident angle of the light (e.g. ultraviolet light). 
As shown in FIG.3, first polymer chains 171a having a first 

alignment direction 171 are disposed in the second and fourth 
sub regions SA2 and SA4 of the first alignment layer 170, and 
second polymer chains 172a having a second alignment 
direction 172 are disposed in the first and third sub regions 
SA1 and SA3 of the first alignment layer 170. The second 
alignment direction 172 is opposite to the first alignment 
direction 171. 
The second display substrate 200 includes a second base 

substrate 201, a light blocking pattern BP, a color filter CF, an 
overcoating layer OC, an electrode layer CE and a second 
alignment layer 270. 
The light blocking pattern BP is disposed on the second 

base substrate 201 corresponding to the gate lines GL, the 
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data lines DL and the switching elements TR of the first 
display substrate 100. The light blocking pattern BP blocks 
light. Alternatively, the light blocking pattern BP is disposed 
on the first base substrate 101, and the first display substrate 
100 includes the light blocking pattern BP. 
The color filter CF is disposed on the second base substrate 

201 corresponding to the pixel region PA in which the pixel 
electrode PE is formed. The color filter CF filters color light. 
Alternatively, the color filter CF is disposed on the first base 
substrate 101, and the first display substrate 100 includes the 
color filter CF. 
The overcoating layer OC is disposed on the second base 

substrate having the color filter CF and planarizes the second 
display substrate 200. Alternatively, the overcoating layer OC 
is omitted. 
The electrode layer CE is disposed on the second base 

substrate 201. The electrode layer CE faces the pixel elec 
trode PE. A reference voltage for defining a polarity of a 
voltage applied to the pixel electrode PE is applied to the 
electrode layer CE. For example, the reference voltage 
includes a common Voltage. Alternatively, the first display 
substrate 100 includes the electrode layer CE. 
The second alignment layer 270 includes polymer chains 

273a and 274a on a surface of the second alignment layer 270. 
The polymer chains 273a and 274a have a plurality of align 
ment directions 273 and 274. For example, the polymer 
chains 273a and 274a include high polymer chains. The poly 
merchains 273a and 274a are formed by photopolymeriza 
tion of a photosensitive high polymer layer. 
As shown in FIG. 3, third polymer chains 273a having a 

third alignment direction 273 are disposed in the first and 
second Sub regions SA1 and SA2 of the second alignment 
layer 270, and fourth polymer chains 274a having a fourth 
alignment direction 274 are disposed in the third and fourth 
sub regions SA3 and SA4 of the second alignment layer 270. 
The fourth alignment direction 274 is opposite to the third 
alignment direction 273. 
The aligning directors of the liquid crystal molecules dis 

posed between the first and second alignment layers 170 and 
270 of the display panel are aligned in first, second, third and 
fourth aligning directions A1, A2, A3 and A4 depending on 
the first to fourth alignment directions 171, 172,273 and 274 
of the first and second alignment layers 170 and 270. 

For example, the aligning directors of the liquid crystal 
molecules in the first sub region SA1 are aligned in a first 
aligning direction A1 that corresponds to a sum of vectors 
corresponding to the second and third alignment directions 
172 and 273. The aligning directors of the liquid crystals in 
the second Sub region SA2 are aligned in a second aligning 
direction A2 that corresponds to a sum of vectors correspond 
ing to the first and third alignment directions 171 and 273. The 
aligning directors of the liquid crystals in the third Sub region 
SA3 are aligned in a third aligning direction A3 that corre 
sponds to a sum of the vectors corresponding to the second 
and fourth alignment directions 172 and 274. The aligning 
directors of the liquid crystals in the fourth sub region SA4 are 
aligned in a fourth aligning direction A4 that corresponds to a 
Sum of the vectors corresponding to the first and fourth align 
ment directions 171 and 274. 

For example, the sub regions SA1. SA2, SA3 and SA4 are 
arranged in a 2x2 matrix pattern, and the first to fourth align 
ing directions A1, A2, A3 and A4 are concentrated toward a 
center of the 2x2 matrix pattern. 

Therefore, the display panel can have an increased 
response speed and light transmittance together with reduced 
afterimages. 
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8 
FIG. 4 is a block diagram illustrating an exposure system 

for manufacturing the display panel shown in FIG. 1. 
Referring to FIGS. 1 and 4, the exposure system 500 

includes a Substrate transporting part 510, a light Source part 
520, a mask part 530, a displacement sensing part 540 and a 
system controlling part 550. 
The substrate transporting part 510 supports and transports 

a substrate SB. For example, the substrate transporting part 
510 transports the substrate SB in a direction substantially 
parallel with a Y-axis of the substrate. 
The light source part 520 includes a light source that gen 

erates light. The light Source includes a lamp that generates 
ultraviolet light. Light is irradiated onto the substrate SB in a 
direction substantially parallel with an X-axis of the substrate 
SB. The X-axis is substantially perpendicular to the Y-axis 
that is the transporting direction of the substrate SB. 
The mask part 530 includes a mask 531 and a mask trans 

porting portion 532. 
The mask 531 includes an exposure pattern 531a and an 

aligning pattern 531b. The exposure pattern 531a is spaced 
apart by a reference distance from the aligning pattern 531b in 
the transporting direction. 
The exposure pattern 531a includes a transmission portion 

TA and a light blocking portion BA to selectively transmit and 
block the ultraviolet light. As shown in FIG. 3, widths of the 
transmission portion TA and the light blocking portion BA 
corresponding to the first display substrate 100 are deter 
mined based on a short distance L1 of the Sub region, and 
widths of the transmission portion TA and the light blocking 
portion BA corresponding to the second display substrate 200 
are determined based on a long distance L2 of the Sub region. 
The transmission portion TA and the light blocking portion 
BA are alternately arranged in the X-axis direction that is 
substantially parallel with the incident direction of the light. 
The transmission portion TA and the light blocking portion 
BA are extended in the Y-axis direction that is substantially 
perpendicular to the X-axis direction. 
The aligning pattern 531b includes a reference line RL. 

The reference line RL is used for aligning the mask 531 with 
respect to the substrate SB. A location of the reference line RL 
is compared with a location of the substrate SB to determine 
a location of the mask 531. The substrate SB includes the first 
display substrate 100, and the signal line SL includes the gate 
line GL or the data line SL. Alternatively, the substrate SB 
includes the second display substrate 200, and the signal line 
SL includes an additional line defined to align the mask 531. 
The mask transporting portion 532 transports the mask 531 

in the X-axis direction, the Y-axis direction or a Z-axis direc 
tion shown in FIG. 4. 
The displacement sensing part 540 is disposed under the 

mask 531 and senses the location of the substrate SB and the 
mask 531 in real time. For example, the location of the sub 
strate SB and the mask 531 is sensed every several microme 
ters with respect to the substrate SB. 
The displacement sensing part 540 include a laser displace 

ment sensor 541 and a camera 542. The laser displacement 
sensor 541 irradiates a laser beam in the Z-axis direction and 
senses heights of the substrate SB and the mask 531 with 
respect to the laser displacement sensor 541. 
The camera 542 is aligned along the Z-axis and takes an 

image of a portion of the Substrate SB adjacent to the aligning 
pattern 531b of the mask 531. The taken image includes 
images of the reference line RL of the aligning pattern 531b 
and the signal line SL of the Substrate SB. An image signal of 
the taken image is applied to the system controlling part 550. 
The system controlling part 550 compensates for the loca 

tion of the mask 531 with respect to the substrate SB based on 
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the sensing signal and the image signal that are Supplied from 
the displacement sensing part 540. 

For example, the system controlling part 550 extracts a 
height of an upper surface of the substrate SB and a height of 
a lower surface of the mask 531 based the sensing signal 
supplied from the laser displacement sensor 541 and deter 
mines a gap between the substrate SB and the mask 531. 
When the gap is different from a reference value, the system 
controlling part 550 calculates a compensation value for the Z 
axis and applies the calculated compensation value to the 
mask transporting portion 532. 
The system controlling part 550 extracts the location of the 

reference line RL of the mask 531 and the location of the 
signal line SL of the substrate SB based on the image signal 
Supplied from the camera 542 and calculates a distance 
between the reference line RL and the signal line SL. When 
the calculated distance is different from a reference value, the 
system controlling part 550 calculates a compensation value 
for the Y axis and applies the calculated compensated value to 
the mask transporting portion 532. 

The mask transporting portion 532 transports the mask 531 
in the Z-axis direction based on the Z-axis compensation 
value, and transports the mask 531 in the Y-axis direction 
based on the Y-axis compensation value. The mask 531 is 
transported by a distance between the aligning pattern 531b 
and the exposure pattern 531a at a period corresponding to a 
transportation speed of the substrate SB. 

FIG. 5 is a flow chart illustrating a method of photo align 
ment using the exposure system shown in FIG. 4. FIGS. 6A 
and 6B are cross-sectional views illustrating a method of 
compensating for a gap between a mask and the Substrate 
shown in FIG. 5. FIGS. 7A and 7B, respectively, are a cross 
sectional view and a plan view illustrating compensating for 
a gap with respect to a location of the substrate shown in FIG. 
5. 

Referring to FIGS. 4, 5 and 6A, a polymer layer 20 is 
formed on a base substrate. The polymer layer 20 includes a 
high polymer layer. In FIGS. 4, 5 and 6A, the base substrate 
having the polymer layer 20 is the substrate SB. The substrate 
SB is disposed on the substrate transporting part 510 of the 
exposure system (step S110). 

For example, light generated from the light source part 520 
is irradiated onto the mask 531 in the X-axis direction. The 
substrate SB is transported in the Y-axis direction that is 
substantially perpendicular to the X-axis direction. The light 
forms an inclined incident angle 0i with respect to a normal 
line of the mask 531. The light incident toward the mask 531 
at the inclined incident angle 0i passes through the transmis 
sion portion TA onto a region different from the Sub regions 
SA of the substrate SB. The sub regions SA of the substrate 
SB correspond to a region for photo alignment. An offset 
value is determined based on the inclined incident angle 0i 
and the gap D between the mask 531 and the substrate SB so 
that the light having passed through the transmission portion 
TA is irradiated onto an exact location of the sub regions SA. 
The system controlling part 550 determines the offset value 

based on the gap D and the inclined incident angle 0i. Equa 
tion 1 represents a relationship between the offset value Off 
set, the gap D and the inclined incident angle Oi: 

Offset=D-tan 0i Equation 1 

The system controlling part 550 generates a reference gap 
compensating signal based on the offset value and compen 
sates for the reference gap between the substrate SB and the 
mask 531 (step S120). 
The mask transporting portion 532 transports the mask 531 

based on the reference gap compensating signal in the Y-axis 
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10 
direction (step S130). Thus, the exposure process is per 
formed while the reference cell gap is maintained between the 
mask 531 and the substrate SB. 
The displacement sensing part 540 senses locations of the 

substrate SB and the mask 531 every predetermined period 
(step S141). For example, the predetermined period corre 
sponds to the movement of the substrate SB by about 3 um. 
For example, the displacement sensing part 540 senses the 
location of the substrate SB whenever the substrate SB moves 
by about 3 um. 
The system controlling part 550 generates a displacement 

compensation signal based on the sensed signal Supplied 
from the displacement sensing part 540 (step S142). The 
system controlling part 550 compensates for the location of 
the mask 531 with reference to the movement of the substrate 
SB using the displacement compensation signal. 
The mask transporting part 532 transports the mask 531 

based on the displacement compensation signal Supplied 
from the system controlling part 550 (step S143). 
The steps S141, S142 and S142 are performed in real time 

during the exposure process. 
For example, as shown in FIGS. 7A and 7B, the laser 

displacement sensor 541 irradiates laser beams to the mask 
531 and the substrate SB, and determines locations of the 
mask 531 and the substrate SB based on laser beams that are 
reflected from the mask 531 and the substrate SB (step S141). 
The camera 542 picks up an image of the reference line RL 

of the mask 531 and the signal line SL of the substrate SB 
(step S141). 
The laser displacement sensor 541 and the camera 542 

transport the sensed signal and the image signal to the system 
controlling part 550. 
The system controlling part 550 extracts a height of the 

upper surface of the substrate SB based on the sensed signal 
that is supplied in real time. The system controlling part 550 
also extracts a height of the lower surface of the mask 531. 
The system controlling part 550 extracts a gap between the 
substrate SB and the mask 531 based on the extracted heights. 
When the extracted gap is different from a reference value, 
the system controlling part 550 generates a Z-axis compen 
sation signal and applies the Z-axis compensation signal to 
the mask transporting portion 532. However, when the 
extracted gap is the same or Substantially the same as the 
reference value, the system controlling part 550 does not 
generate the Z-axis compensation signal, and the mask 531 
maintains a location of the Z-axis. 
The system controlling part 550 extracts a location of the 

reference line RL of the mask 531 and a location of the signal 
line SL of the substrate SB based on the image signal that is 
supplied in real time. The system controlling part 550 extracts 
a separation distance Lim between the reference line RL and 
the signal line SL. When the separation distance Lim is dif 
ferent from a reference value Lt, the system controlling part 
550 generates a Y-axis compensation signal (step S142) and 
applies the Y-axis compensation signal to the mask transport 
ing portion 532. However, when the separation distance Lim is 
the same or Substantially the same as the reference value Lt. 
the system controlling part 550 does not generate the Y-axis 
compensation signal, and that the mask 531 maintains a loca 
tion of the Y-axis. 
The mask transporting portion 532 transports the mask 531 

based on the Z-axis compensation signal and the Y-axis com 
pensation signal that are provided from the system control 
ling part 550 (step S143). A location of the mask 531 is 
changed in real time based on the movement of the Substrate 
SB. 
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A period of the transportation of the mask 531 corresponds 
to a distance between the exposure pattern 531a and the 
aligning pattern 531b. The displacement sensing part 540 and 
the system controlling part 550 sense a change of the location 
of the substrate SB while the substrate SB moves between the 
aligning pattern 531b and the exposure pattern 531a, and 
generate a compensation signal for changing the location of 
the mask 531 based on the change of the location of the 
substrate SB. 
When light is irradiated to the polymer layer 20 of the 

substrate SB, the polymer chains are formed in the sub 
regions SA. The polymer chains have an alignment direction 
that is inclined toward the incident direction of the light. Thus, 
the polymer layer 20 is changed into an alignment layer 
having the polymer chains (step S150). 

FIGS. 8A and 8B are perspective views illustrating form 
ing the first alignment layer shown in FIG. 2. 

Referring to FIGS. 2 and 8A, an array layer AL is formed 
on the first base substrate 101. The array layer AL includes the 
gate line GL, the data line DL and the switching element TR. 
A pixel electrode PE is formed on the first base substrate 101 
having the array layer AL. The pixel electrode PE is electri 
cally connected to the Switching element TR through a con 
tact hole of an insulating layer. The insulating layer is formed 
between the switching element TR and the pixel electrode PE. 
The insulating layer includes an organic insulating layer, an 
inorganic insulating layer, etc. 
A first polymer layer 160 is formed on the first base sub 

strate 101 having the pixel electrode PE. The first polymer 
layer 160 includes a high polymer. The first base substrate 
101 having the first polymer layer 160 is exposed by the 
exposure system shown in FIG. 4 to form the first alignment 
layer 170 having the polymer chins in the alignment direc 
tion. 

For example, the light blocking portion BA of a first mask 
531 1 corresponds to first and third sub regions SA1 and SA3 
of a first column, and the transmission portion TA of the first 
mask 531 1 corresponds to second and fourth sub regions 
SA2 and SA4 of a second column adjacent to the first column. 

According to an embodiment, an incident direction (e.g., 
X-axis direction) of light from the exposure system is Sub 
stantially perpendicular to an extended direction (e.g., Y-axis 
direction) of an interface between the transmission portion 
TA and the light blocking portion BA. Thus, light having 
passed through the transmission portion TA is incident into 
the second and fourth sub regions SA2 and SA4 of the first 
base substrate 101. 

Light is incident into the first polymer layer 160 in a first 
incident directionID1 so that the first polymer layer 160 in the 
second and fourth sub regions SA2 and SA4 is photopoly 
merized. Thus, first polymer chains 171a that are inclined 
toward the first incident direction ID1 with respect to a nor 
mal direction of atop surface of the first polymer layer 160 are 
formed. The first polymer chains 171a having the first align 
ment direction 171 are formed in the second and fourth sub 
regions SA2 and SA4. 

Referring to FIG.8B, the first base substrate 101 having the 
first polymer chains is rotated by about 180 degrees. 
The light blocking portion BA of a second mask 531, 2 

corresponds to the second and fourth Sub regions SA2 and 
SA4 of the second column. The transmission portion TA of 
the second mask 531 2 corresponds to the first and third sub 
regions SA1 and SA3 of the first column. 

According to an embodiment, an irradiation direction (e.g. 
X-direction) of light is substantially perpendicular to the 
extended direction (e.g., Y-direction) of the interface between 
the transmission portion TA and the light blocking portion 
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BA. Thus, light having passed through the transmission por 
tion TA is incident into the first and third sub regions SA1 and 
SA3 of the first base Substrate 101. 

Light is incident into the first and third sub regions SA1 and 
SA3 of the first polymer layer 160 in a second incident direc 
tion ID2, so that the first polymer layer 160 in the first and 
third sub regions SA1 and SA3 is photopolymerized. Thus, 
second polymer chains 172a that are inclined toward the 
second incident direction ID2 with respect to a normal direc 
tion of the top surface of the first polymer layer 160 are 
formed. The second polymer chains 172a having the second 
alignment direction 172 are formed in the first and third sub 
regions SA1 and SA3. The second alignment direction 172 is 
opposite to the first alignment direction 171. 

FIGS. 9A and 9B are perspective views illustrating form 
ing the second alignment layer shown in FIG. 2. 

Referring to FIGS. 2 and 9A, the light blocking pattern BP. 
the color filter CF, the overcoating layer OC and the second 
electrode layer CE are formed on the second base substrate 
201. 
A second polymer layer 260 is formed on the second base 

substrate 201 having the second electrode layer CE. The 
second polymer layer 260 includes a high polymer. The sec 
ond base substrate 201 having the second polymer layer 260 
is exposed by the exposure system of FIG. 4 to form the 
second alignment layer 270 having polymer chains in an 
inclined direction. 

For example, the light blocking portion BA of a third mask 
531. 3 corresponds to the third and fourth sub regions SA3 
and SA4 of a second row, and the transmission portion TA of 
the third mask 531. 3 corresponds to the first and second sub 
regions SA1 and SA2 of a first row adjacent to the second row. 

According to an embodiment, an irradiation direction (e.g., 
X-direction) of light from the exposure system is Substan 
tially perpendicular to an extended direction (e.g., Y-direc 
tion) from an interface between the transmission portion TA 
and the light blocking portion BA. Thus, light having passed 
through the transmission portion TA is incident into the first 
and second sub regions SA1 and SA2 of the second base 
substrate 201. 

Light is incident into the first and second Sub regions SA1 
and SA2 of the second polymer layer 260 in a third incident 
direction ID3 so that the second polymer layer in the first and 
second sub regions SA1 and SA2 is photopolymerized to 
form third polymer chains 173a. The third polymer chains 
173a are inclined toward the third incident direction ID3 with 
respect to a normal direction of a top surface of the second 
polymer layer 260. The third polymer chains 273a aligned in 
a third alignment direction 273 are formed in the first and 
second sub regions SA1 and SA2 of the second base substrate 
102. 

Referring to FIG.9B, the second base substrate 201 having 
the third polymerchains 173a is rotated by about 180 degrees. 
The light blocking portion BA of a fourth mask 531 4 

corresponds to the first and second sub regions SA1 and SA2 
of the first row. The transmission portion TA of the fourth 
mask 531 4 corresponds to the third and fourth sub regions 
SA3 and SA4 of the second row. 

According to an embodiment, an irradiation direction (e.g., 
X-direction) of light is substantially perpendicular to the 
extended direction (e.g., Y-direction) of the interface between 
the transmission portion TA and the light blocking portion 
BA. Thus, light having passed through the transmission por 
tion TA is incident into the third and fourth sub regions SA3 
and SA4 of the first base substrate 101. 

Light is incident into the third and fourth sub regions SA3 
and SA4 of the second polymer layer 260 in a fourth incident 
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direction ID4, so that the second polymer layer 260 in the 
third and fourth sub regions SA3 and SA4 is photopolymer 
ized. Thus, fourth polymer chains 274a that are inclined 
toward the fourth incident direction ID4 with respect to the 
normal direction of the top surface of the second polymer 
layer 260 are formed. The fourth polymer chains 274a having 
the fourth alignment direction 274 are formed in the third and 
fourth sub regions SA3 and SA4. The fourth alignment direc 
tion 274 is opposite to the third alignment direction 273. 

Alternatively, the liquid crystal display panel includes a 
first alignment layer having polymer chains of third and 
fourth alignment directions shown in FIGS. 9A and 9B and a 
second alignment layer having polymer chains of first and 
second alignment directions shown in FIGS. 8A and 8B. 

For example, according to an embodiment, the first align 
ment layer 170 has polymer chains in the first and second sub 
regions SA1 and SA2 of the first row as shown in FIG.9A or 
polymer chains in the third and fourth sub regions SA3 and 
SA4 of the second row as shown in FIG. 9B. The polymer 
chains in the first and second sub regions SA1 and SA2 are 
inclined in the third alignment direction 273 shown in FIG. 
9A, and the polymer chains in the third and fourth sub regions 
SA3 and SA4 are inclined in the fourth alignment direction 
274 shown in FIG. 9B. According to an embodiment, the 
second alignment layer 270 has polymer chains in the second 
and fourth sub regions SA2 and SA4 of the second column as 
shown in FIG. 8A, and polymer chains in the first and third 
sub regions SA1 and SA3 of the first column as shown in FIG. 
8B. The polymer chains in the second and fourth sub regions 
SA2 and SA4 are inclined in the first alignment direction 171 
shown in FIG. 8A, and the polymer chains in the first and third 
sub regions SA1 and SA3 are inclined in the second align 
ment direction 172 shown in FIG. 8B. 

FIGS. 10A and 10B, respectively, are a cross-sectional 
view and a plan view illustrating an exposure system in accor 
dance with an exemplary embodiment of the present inven 
tion. The exposure system shown in FIGS. 10A and 10B is the 
same or Substantially the same as the exposure system 
described in connection with FIG. 4 except for a displacement 
sensing part. 

Referring to FIGS. 10A and 10B, the displacement sensing 
part 540 includes an oblique camera 547. 
The oblique camera 547 is inclined in an incident direction 

of light and takes an image of a mask 531 and a substrate SB. 
Light is incident into a polymer layer in the incident direction. 
An image signal IM generated by the oblique camera 547 

includes an image of a reference line RL of an aligning pattern 
531b of the mask 531 and a signal line SL (oran aligning line) 
of the Substrate SB. 
When the image of the substrate SB and the mask 531 is 

taken by the oblique camera 547, the reference line RL is on 
a same line as the signal line SL as shown in FIG. 10B. 

Thus, the system controlling part 550 compares locations 
of the reference line RL and the signal line SL in the image 
signal supplied from the oblique camera 547 and controls a 
movement of the mask 531. 

For example, when the reference line RL of the image 
signal is on the same line as the signal line SL of the image 
signal, the mask 531 is at a correct position, and the mask 531 
is not transported. However, when the reference line RL of the 
image signal is not on the same line as the signal line SL of the 
image signal, the mask 531 is at an incorrect position, and the 
mask 531 is transported by a distance between the reference 
line RL and the signal line SL along a Y-axis direction. 
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FIGS. 11A and 11B, respectively, are a cross-sectional 

view and a plan view illustrating a method of compensating 
for a location using the exposure system shown in FIGS. 10A 
and 10B. 
A method of forming an alignment layer using an exposure 

system according to the present embodiment is the same or 
substantially the same as of the method described in connec 
tion with FIGS. 5, 6A and 6B except for compensating for a 
location of a mask. 

Referring to FIGS. 11A and 11B, a substrate SB having a 
base substrate and a polymer layer formed on the base sub 
strate is arranged on a Substrate transporting part 510 (step 
S110). 

Light is incident into a mask 531 and forms an incident 
angle 0i with a normal line of the mask 531. An offset value is 
determined based on the incident angle 0i and a gap D 
between the mask 531 and the substrate SB. Equation 1 
represents a relationship between the offset value, the inci 
dent angle 0i and the gap D. 
The system controlling part 550 generates a gap compen 

sating signal based on the offset value and compensates for 
the gap between the substrate SB and the mask 531 (step 
S120). 
The mask transporting part 532 transports the mask 531 in 

a Y-axis direction based on the reference gap compensation 
signal (step S130). Thus, the gap between the mask 531 and 
the Substrate SB is adjusted, and an exposure process is per 
formed. 

For example, referring to FIG. 11A, the oblique camera 
547 takes an image of the substrate SB and the mask 531 
every predetermined period and senses locations of the mask 
531 and the substrate SB (step S141). For example, the pre 
determined period corresponds to the movement of the sub 
strate SB by about 3 um. For example, the displacement 
sensing part 540 senses the location of the substrate SB when 
ever the substrate SB moves by about 3 um. 
The system controlling part 550 extracts a location of the 

reference line RL of the mask 531 and a location of the signal 
line SL of the substrate SB based on an image signal supplied 
from the oblique camera 547. When the extracted reference 
line RL is at a same position as the signal line SL, the mask 
531 is not transported. 

However, referring to FIG. 11B, when the extracted refer 
ence line RL is at a different position from the signal line SL, 
the system controlling part 550 extracts a separation distance 
L between the extracted reference line RL and the signal line 
SL. The system controlling part 550 generates a Y-axis com 
pensation signal corresponding to the extracted separation 
distance L (step S142). 
The mask transporting part 532 transports the mask 531 

based on the displacement compensation signal Supplied 
from the system controlling part 550 (step S143). 
The steps of S141, S142 and S142 are performed in real 

time during the exposure process. 
Thus, the mask 531 is transported in real time in response 

to a change of the location of the substrate SB. The period of 
transporting the mask 531 corresponds to a distance between 
the exposure pattern 531a and the aligning pattern 531b of the 
mask 531. 
When light is irradiated onto the polymer layer 20 of the 

substrate SB, the polymer chains are formed in the sub 
regions SA. The polymer chains have an alignment direction 
that is inclined toward the incident direction of the light. Thus, 
the polymer layer 20 is changed into an alignment layer 
having the polymer chains (step S150). 

FIG. 12 is a plan view illustrating a display panel in accor 
dance with an embodiment of the present invention. 
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A display panel according to the present exemplary 
embodiment is the same or Substantially the same as of the 
display panel described in connection with FIG. 2 except for 
first and second alignment layers. 

Referring to FIGS. 2 and 12, the first display substrate 100 
includes a first alignment layer 670, and the second display 
substrate 200 includes a second alignment layer 770. 
The first alignment layer 670 is disposed on the first base 

substrate 101 having a pixel electrode PE. The pixel electrode 
PE is formed in a pixel region PA of the first base substrate 
101. The pixel region PA has a plurality of sub regions SA1. 
SA2, SA3 and SA4. The sub regions SA1. SA2, SA3 and SA4 
are arranged in a 2x2 matrix pattern. A first row of the 2x2 
matrix pattern includes first and second Sub regions SA1 and 
SA2. A second row of the 2x2 matrix pattern includes third 
and fourth sub regions SA3 and SA4. A first column of the 
2x2 matrix pattern includes the first and third sub regions SA1 
and SA3. A second column of the 2x2 matrix pattern includes 
the second and fourth sub regions SA2 and SA4. 

The first alignment layer 670 includes first, second, third 
and fourth alignment directions 671, 672, 673 and 674 in the 
first, second, third and fourth sub regions SA1. SA2, SA3 and 
SA4, respectively. The first, second, third and fourth align 
ment directions 671, 672, 673 and 674 concentrate on a center 
of the 2x2 matrix pattern and form a concentration structure. 
The second display substrate 200 includes the second 

alignment layer 770. The second alignment layer 770 has a 
Vertical alignment mode in the first, second, third and fourth 
sub regions SA1. SA2, SA3 and SA4. 

In an exemplary embodiment, the display panel includes 
the first and second alignment layers 670 and 770 and have 
first, second, third and fourth aligning directions in the first, 
second, third and fourth sub regions SA1. SA2, SA3 and SA4, 
respectively. The first, second, third and fourth aligning direc 
tions have the same or Substantially the same concentration 
structure as the first, second, third and fourth alignment direc 
tions 671, 672, 673 and 674. 

FIG. 13 is a perspective view illustrating forming a first 
alignment layer shown in FIG. 12. 

Hereinafter, forming the first alignment layer 670 is 
described with reference to FIGS. 8A, 8B,9A,9B and 13. The 
first alignment layer 670 includes a high polymer layer that is 
photopolymerized. 

Referring to FIGS. 8A and 13, the second and fourth sub 
regions SA2 and SA4 of the polymer layer on the substrate is 
photo aligned by a first mask 531. 1 through a first photo 
aligning process. 
The light blocking portion BA of the first mask 531. 1 

corresponds to the first and third sub regions SA1 and SA3 of 
the pixel region PA, and the transmission portion TA of the 
first mask 531. 1 corresponds to second and fourth sub 
regions SA2 and SA4 of the pixel region PA. 

Light is incident into the second and fourth Sub regions 
SA2 and SA4 of the polymer layer in the first incident direc 
tion ID1 so that the polymer layer in the second and fourth sub 
regions SA2 and SA4 is photopolymerized. Thus, second and 
fourth polymer chains 672a and 674a that are inclined toward 
the first incident direction ID1 with respect to a normal direc 
tion of a top surface of the polymer layer are formed. 

Referring to FIGS. 8B and 13, the first and third sub regions 
SA1 and SA3 of the polymer layer on the substrate is photo 
aligned by a second mask 531 2 through a first photo aligning 
process. 
The light blocking portion BA of the second mask 531, 2 

corresponds to the second and fourth Sub regions SA2 and 
SA4 of the pixel region PA, and the transmission portion TA 
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of the second mask 531 2 corresponds to the first and third 
sub regions SA1 and SA3 of the pixel region PA. 

Light is incident into the first and third sub regions SA1 and 
SA3 of the polymer layer in the second incident direction ID2 
so that the polymer layer adjacent in the first and third sub 
regions SA1 and SA3 is photopolymerized. Thus, first and 
third polymer chains 671a and 673a that are inclined toward 
the second incident direction ID2 with respect to the normal 
direction of the top surface of the polymer layer are formed. 

Referring to FIGS. 9A and 13, the first and second regions 
SA1 and SA2 of the polymer layer on the substrate is photo 
aligned by a third mask 531. 3 through a second photo align 
ing process. The second photo aligning process is performed 
in a smaller exposure amount than an exposure amount of the 
first photo aligning process. For example, according to an 
embodiment, the exposure amount of the second photo align 
ing process is one third of the exposure amount of the first 
photo aligning process. Alternatively, the second photo align 
ing process is performed in a greater exposure amount thanan 
exposure amount of the first photo aligning process. 
The light blocking portion BA of the third mask 531 3 

corresponds to the third and fourth sub regions SA3 and SA4 
of the pixel region PA, and the transmission portion TA of the 
third mask 531. 3 corresponds to the first and second sub 
regions SA1 and SA2 of the pixel region PA. 

Light is incident into the first and second Sub regions SA1 
and SA2 of the polymer layer in the third incident direction 
ID3. When light is incident into the first region SA1 in the 
third incident direction ID3, the first polymer chains 671a in 
the first sub region SA1 rotate toward the third incident direc 
tion ID3 so that the first polymer chains 671a are aligned in a 
first alignment direction 671. The first alignment direction is 
toward a center of the 2x2 matrix pattern with respect to a 
normal line of the top surface of the polymer layer. Thus, the 
first polymer chains 671a in the first sub region SA1 are 
aligned in the first alignment direction 671. 
When light is incident into the second sub region SA2 in 

the third incident direction ID3, the second polymer chains 
672a in the second sub region SA2 rotate toward the third 
incident direction ID3 so that the second polymerchains 672a 
are aligned in a second alignment direction 672. The second 
alignment direction is toward the center of the 2x2 matrix 
pattern with respect to the normal line of the top surface of the 
polymer layer. Thus, the second polymer chains 672a in the 
second Sub region SA2 are aligned in the second alignment 
direction 672. 

Referring to FIGS. 9B and 13, the third and fourth regions 
SA3 and SA4 of the polymer layer on the substrate is photo 
aligned by a fourth mask 531 4 through the second photo 
aligning process. The second photo aligning process is per 
formed in a smaller exposure amount than an exposure 
amount of the first photo aligning process. For example, 
according to an embodiment, the exposure amount of the 
second photo aligning process is one third of the exposure 
amount of the first photo aligning process. Alternatively, the 
second photo aligning process is performed in a greater expo 
Sure amount than an exposure amount of the first photo align 
ing process. 
The light blocking portion BA of the fourth mask 531 4 

corresponds to the first and second sub regions SA1 and SA2 
of the pixel region PA, and the transmission portion TA of the 
fourth mask 531 4 corresponds to the third and fourth sub 
regions SA3 and SA4 of the pixel region PA. 

Light is incident into the third and fourth sub regions SA3 
and SA4 of the polymer layer in the fourth incident direction 
ID4. When light is incident into the third region SA3 in the 
fourth incident direction ID4, the third polymer chains 673a 
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in the third sub region SA3 rotate toward the fourth incident 
direction ID4 so that the third polymer chains 673a are 
aligned in a third alignment direction 673. The third align 
ment direction 673 is toward the center of the 2x2 matrix 
pattern with respect to the normal line of the top surface of the 
polymer layer. Thus, the third polymer chains 673a in the 
third sub region SA3 are aligned in the third alignment direc 
tion 673. 
When light is incident into the fourth sub region SA4 in the 

fourth incident direction ID4, the fourth polymer chains 674a 
in the fourth sub region SA4 rotate toward the fourth incident 
direction ID4 so that the fourth polymer chains 674a are 
aligned in a fourth alignment direction 674. The fourth align 
ment direction 674 is toward the center of the 2x2 matrix 
pattern with respect to the normal line of the top surface of the 
polymer layer. Thus, the fourth polymer chains 674a in the 
fourth Sub region SA4 are aligned in the fourth alignment 
direction 674. 

According to an embodiment, in the display panel, the 
aligning directors of the liquid crystal molecules between the 
first and second alignment layers 670 and 770 are aligned to 
have the first, second, third and fourth aligning directions A1, 
A2, A3 and A4 shown in FIG.1, and a concentration structure 
is thus formed. The first alignment layer 670 has the first, 
second, third and fourth alignment directions 671, 672, 673 
and 674, and the second alignment layer 770 has a vertical 
alignment mode. 

Alternatively, the second alignment layer has the first, sec 
ond, third, and fourth alignment directions, and the first align 
ment layer has the vertical alignment mode. 

Therefore, the response speed of the liquid crystal mol 
ecules, together with light transmittance of the display panel 
can increase, and linear after images can decrease. 

FIG. 14 is a plan view illustrating a display panel in accor 
dance with an exemplary embodiment of the present inven 
tion. 

Referring to FIG. 14, the display panel includes a pixel 
region PA having a high pixel region and a low pixel region. 
A high pixel electrode PE H is disposed in the high pixel 

region. A pixel Voltage having a high level is applied to the 
high pixel electrode PE H through a high switching element 
TR. H. The high pixel region includes a plurality of sub 
regions. For example, the high pixel region includes first, 
second, third and fourth high sub regions H SA1., H SA2, 
H SA3 and H SA4 arranged in a 2x2 matrix pattern. A first 
row of the 2x2 matrix pattern has the first and second high sub 
regions H SA1 and H SA2. A second row of the 2x2 matrix 
pattern has the third and fourth high sub regions H SA3 and 
H SA4. A first column of the 2x2 matrix pattern has the first 
and third high sub regions H SA1 and H SA3. A second 
column of the 2x2 matrix pattern has the second and fourth 
high sub regions H SA2 and H SA4. 

The first, second, third and fourth high sub regions H SA1. 
H SA2, H SA3 and H SA4 have first, second, third and 
fourth high aligning directions HA1, HA2, HA3 and HA4, 
respectively, and form a concentration structure. 
A low pixel electrode PE L is disposed in the low pixel 

region. A pixel Voltage having a low level is applied to the low 
pixel electrode PE L through a low switching element TR L. 
The low pixel region includes a plurality of sub regions. For 
example, the low pixel region includes first, second, third and 
fourth low sub regions L SA1., L. SA2, L SA3 and L SA4 
arranged in a 2x2 matrix pattern. A first row of the 2x2 matrix 
pattern has the first and second low Sub regions L SA1 and 
L SA2. A second row of the 2x2 matrix pattern has the third 
and fourth low sub regions L SA3 and L SA4. A first column 
of the 2x2 matrix pattern has the first and third low sub 
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18 
regions L SA1 and L SA3. A second column of the 2x2 
matrix pattern has the second and fourth low Sub regions 
LSA2 and L SA4. 
The first, second, third and fourth low sub regions L SA1. 

LSA2, L SA3 and L SA4 have first, second, third and 
fourth low aligning directions LA1., LA2, LA3 and LA4. 
respectively, and form the concentration structure. 
The display panel described in connection with FIG. 14 has 

the same or Substantially the same concentration structure as 
the concentration structure formed by the method described 
in connection with FIGS. 1 to 13. 

FIGS. 15A and 15B are plan views illustrating response 
characteristics of liquid crystal molecules of a display panel 
in accordance with an exemplary embodiment of the present 
invention. FIG. 15C is a graph illustrating a relationship 
between luminance and time of the response characteristics 
shown in FIGS. 15A and 15B. 

FIG. 15A is a plan view illustrating response characteris 
tics of liquid crystal molecules of a display panel having 
aligning directions a1, a2, a3 and a4 in a circulation structure 
in accordance with an embodiment of the present invention. 
FIG. 15B is a plan view illustrating response characteristics 
of liquid crystal molecules of a display panel having aligning 
directions A1, A2, A3 and A4 in a concentration structure in 
accordance with an exemplary embodiment of the present 
invention. 

Referring to FIGS. 15A and 15B, a fringe field is formed on 
a peripheral region of a pixel region. 

In the case that the display panel has the aligning directions 
a1, a2, a3 and a4 in the circulation structure, the liquid crystal 
molecules collide with one another when arranged by the 
fringe field. Thus, the arrangement of the liquid crystal mol 
ecules is distorted. When the arrangement of the liquid crys 
tals is distorted by the fringe field, rearrangement of the liquid 
crystals may take long time. A response of the display panel 
having the circulation structure is delayed. The delay of the 
response speed deteriorates image display quality of high 
speed display devices, such as a three-dimensional display 
device. 

However, in the case that the display panel has the aligning 
directions A1, A2, A3 and A4 in the concentration structure, 
the liquid crystal molecules are aligned toward the center of 
the pixel region so that the liquid crystal molecules do not 
collide with one another when arranged by the fringe field. 
The center is opposite to the peripheral region of the pixel 
region. Thus, the arrangement of the liquid crystal molecules 
are not distorted. Rearrangement of the liquid crystal mol 
ecules does not take longtime. Response speed of the display 
panel having the concentration structure is increased. The 
image display quality of the high speed display devices. Such 
as the three-dimensional display device, can be improved. 

FIGS. 16A, and 16B and 16C, respectively, are a cross 
sectional view, and plan views illustrating a movement direc 
tion of impurities in a display panel in accordance with an 
exemplary embodiment of the present invention. 

FIG. 16A illustrates the movement direction of the impu 
rities according to an inclination direction of aligning direc 
tors. FIG. 16B illustrates a display panel of the circulation 
structure. FIG.16C illustrates a display panel of the concen 
tration structure. 

Referring to FIG.16A, the impurities moves in a direction 
opposite to the inclination direction of the aligning directors. 
The impurities are stacked at a boundary between a black 
image and a white image. A Voltage difference increases at the 
boundary between the black and white images. The impuri 
ties may form an afterimage at the boundary between the 
black and white images. 
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Referring to FIG. 16B, the aligning directors of the display 
panel having the circulation structure are aligned along a 
peripheral region of the pixel region in a circulation direction. 
Thus, impurities may move along the peripheral region in a 
direction opposite to the circulation direction. The impurities 
may freely move between adjacent pixel regions, and are thus 
stacked at the boundary between the white and black images 
so that an afterimage may be displayed. 

However, referring to FIG.16C, the aligning directors of 
the display panel having the concentration structure are 
aligned toward the center of the pixel region. Thus, impurities 
may move toward the peripheral region and form a plurality 
of spots, so that the movement of the impurities may be 
restricted. Thus, the impurities are not stacked at the bound 
ary between the white and black images, thus preventing the 
afterimage from occurring. 

FIGS. 17A and 17B are plan views illustrating transmit 
tances of display panels in accordance with exemplary 
embodiments of the present invention. 

Referring to FIGS. 17A and 17B, a fringe field is formed in 
a peripheral region of a pixel region. 

In the circulation structure, liquid crystal molecules collide 
with one another by the fringe field so that the arrangement of 
the liquid crystal molecules in the peripheral region may be 
distorted. Thus, a texture image of a black band shape may be 
formed in the peripheral region. The texture image decreases 
light transmittance of the display panel. 

However, in the concentration structure, the liquid crystals 
do not collide with one another by the fringe field. Thus, the 
occurrence of the texture image can be prevented. 

According to a simulation result, a light transmittance of 
the circulation structure was about 0.24711, and a light trans 
mittance of the concentration structure was about 0.24856. A 
light transmittance of a display device having the concentra 
tion structure is greater than a light transmittance of a display 
device having the circulation structure by about 6%. 

According to the embodiments of the present invention, the 
response speed and light transmittance of the liquid crystal 
molecules are increased, and linear afterimages are prevented 
from occurring. 
The foregoing is illustrative of the embodiments of the 

present invention and is not to be construed as limiting 
thereof. Although a few exemplary embodiments of the 
present invention have been described, those skilled in the art 
will readily appreciate that many modifications are possible 
in the exemplary embodiments. Accordingly, all Such modi 
fications are intended to be included within the scope of the 
embodiments of the present invention as defined in the 
claims. 

What is claimed is: 
1. A photo alignment method comprising: 
aligning a Substrate and a mask so that the Substrate is 

spaced apart from the mask by a predetermined gap, 
wherein an organic layer is formed on the Substrate, the 
mask having a transmission portion and a light blocking 
portion; 

irradiating light through the mask in a direction Substan 
tially parallel with an interface between the transmission 
portion and the light blocking portion of the mask; 

forming polymer chains on an upper portion of the organic 
layer, wherein the polymer chains are aligned in an 
alignment direction toward an incident direction of the 
light; 

sensing locations of the Substrate and the maskin real time; 
and 
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transporting the mask to a predetermined location with 

respect to the substrate based on the sensed locations of 
the Substrate and the mask. 

2. The photo alignment method of claim 1, further com 
prising: 

determining an offset value between the substrate and the 
mask based on the gap between the Substrate and the 
mask; and 

transporting the mask in response to the offset value. 
3. The photo alignment method of claim 1, wherein a 

direction of transporting the mask is Substantially parallel 
with the interface between the transmission portion and the 
light blocking portion of the mask. 

4. The photo alignment method of claim 1, further com 
prising: 

sensing a height between an upper Surface of the Substrate 
and a lower Surface of the mask; and 

taking an image of a reference line on the mask and an 
alignment line on the Substrate in a direction Substan 
tially perpendicular to a transportation direction of the 
Substrate. 

5. The photo alignment method of claim 4, further com 
prising: 

transporting the mask based on the sensed height so that the 
gap between the mask and the Substrate is substantially 
the same as the predetermined gap; and 

transporting the mask so that the reference line in the taken 
image is spaced apart from the alignment line by a pre 
determined reference value. 

6. The photo alignment method of claim 1, further com 
prising: 

taking an image of a reference line on the mask and an 
alignment line on the Substrate in a direction Substan 
tially parallel with a direction of irradiating the light. 

7. The photo alignment method of claim 6, further com 
prising: 

transporting the mask so that the reference line in the taken 
image is on a same line as the alignment line. 

8. The photo alignment method of claim 1, wherein the 
mask further comprises: 

an alignment pattern having a reference line for aligning 
the mask with respect to the substrate; 

the transmission portion spaced apart from the alignment 
pattern in a direction of transporting the Substrate; and 

an exposure pattern including the light blocking portion, 
and wherein the mask is transported at a period corre 
sponding to a distance between the alignment pattern 
and the exposure pattern. 

9. The photo alignment method of claim 1, wherein the 
Substrate further comprises a pixel region having a plurality 
of Sub regions arranged in a matrix pattern, 

and wherein the photo alignment method further com 
prises: 

irradiating the light to Sub regions of a first column through 
a first mask in a direction Substantially parallel with a 
row direction toward the first column to form first poly 
merchains inclined in a first alignment direction; and 

irradiating the light to Sub regions of a second column 
through a second mask in a direction Substantially par 
allel with the row direction toward the second column to 
form second polymer chains inclined in a second align 
ment direction. 

10. The photo alignment method of claim 9, further com 
prising: 

irradiating the light in a first Sub region and a second Sub 
region in a direction Substantially parallel with a column 
direction toward the first column so that the first polymer 
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chains and the second polymer chains are rotated toward 
a center of the matrix pattern, the first polymer chains of 
a first row being formed in the first sub region, the 
second polymer chains of the first row being formed in 
the second Sub region; and 5 

irradiating the light in a third Sub region and a fourth Sub 
region in a direction Substantially parallel with the col 
umn direction toward the second column so that the first 
polymer chains and the second polymer chains are 
rotated toward a center of the matrix pattern, the first 10 
polymer chains of a second row being formed in the third 
Sub region, the second polymer chains of the second row 
being formed in the fourth sub region. 

11. The photo alignment method of claim 1, wherein the 
Substrate further comprises a pixel region having a plurality 15 
of Sub regions arranged in a matrix pattern, 

and wherein the photo alignment method comprises: 
forming first polymer chains arranged in a first alignment 

direction substantially parallel with a column direction 
in the sub regions in a first row toward the first column 20 
using a first mask; and 

forming second polymer chains arranged in a second align 
ment direction substantially parallel with the column 
direction in the Sub regions in a second row toward the 
second column using a second mask. 25 
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